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(57) A sock-sealed junction in a multilateral well 
structure comprises a primary borehole, at least one 
casing segment disposed in a predetermined position in 
the borehole. The segment has a pre machined window. 
A sock 62 is sealed to the casing segment at a perimeter 
of the window, and the sock being engageable with a liner 
extended therethrough. 
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SOCK SEALED JUNCTIONS IN MULTILATERAL WELLS 



This invention relates generally to the completion of junctions between primary 
and lateral wellborn. More particularly, this invention relates to new and improved 
methods and devices for sealing the junction of a branch wellbore extending laterally 
from a primary well which may be vertical, substantially vertical, inclined or even 
horizontal. This invention find, particular utility in the sealing of junctions of 



■nuUilatera. wdU. M ». downhole ~n environ* where a plurality of diaerete. 
spaced lateral weU< extend from a common pitaaty wellbore. 



U^ral well dnSiug a* production bav. been inc^ly unpens * °« 
^h—,— VMcU^wel.sh.veb^wnfcrnmyyeera.on.y 
^^^bave^we^^de.ara.nedtobe.c.eteffeettve— (ot 

aUeast cotnpanion) to eoave.doe.lwen drilling. AHhough dn^S ala.era.wen 
— *«• WeraldrilUn, provide. 

„ develop nam. corona! drillm. and completion practice* HydrocaAon 
^ervoira** are idea, _«» federal technology are 0,0* that are to and 

tafcdl.**»««*-— Otherrea50n3for=mP ' Oyl ° 8 
ta* ara to addreaa reeervoir vertical eonfcnnane* oil and gaa coning and 
.weep efficacy. r*vironroen»l iasuea, such aa .he number of drilling «m rn 
^aa^cmal^beaddrea.edwhhUeral.eclmo.osy. In addition, improved 

k#> achieved in large reservoirs using multiple laterals 
field development economics can be aclwcvea in i 5 

-a. r:«^«;^ial wells thereby reducing mvesimcni and 
by improving the productivity or individual weusmci * -5 

operational costs. 

Some well, contain additional weliborea extending laieraliy fiom Are laWal . 
These addition* latnral weUa are sondes referrad to as drain hole* andprimery 



lateral well arc referred 10 as multilateral wells, 
wells containing more than cue lateral well ax 

. m5nc Singly important, both from the standpoint of 
Multilateralwellsarebccon.agmcxeastngy ™P» lofreWoridns 

„ w the unceasingly important standpoint of reworiong 
new drilling operations and from the inc 

■ o creased dependence on and importance of lateral 
' As atesult of the foregoing increased oep 

^i a W weubore is extremely unportant » oro 
pximary and lateral wellbor Thus open hole completions 

V formations- and even men, open hole completions are 
are limited to competent rock formations, ana 

,„cc there is limited control or ability to re-access (or re- 
^ — Coupled with this need 

U. to the size of the primary wellbore for ease ol 
the lateral well as close as possible to the *z 

^Ungandcomplction. ^ ^ ^ 

.Conventionally, lateral wellshave been comp 

, M fECP's) or cementing techniques. The primary 
completion, external casmg packers (ECPs) 

, ^^inalatcralwellietogttardagainstholccollapse. 

«f i««rtin£ a s otted lmer m a 
purpose of msertmg tt>athto insert various tooU such as coUed 

Mdiuonally^ 

r liners nave been used: (1) perforated hners, 
Hhin* hi a lateral well. Three types of lmers nave o 

, .. _ n > -lotted liners, where slots or vwwu» 
vfcemholca are drilled in thehner, (2) slotte 



oeprh ere .nilled or Wire — *« la,gtt " 004 (5) 

Slotted liner, p^id. ° f ^ ™ 1 

*0**—. H^^^«««^^ ^consolidated 

production (e.g., »« isolation) is difficult. 

^ option i.-ti-erw*^^. B— «*ip«*»a«w 
^ k «n^o a uid 0 ^^n« t »div i d t a.o Dg I^^bo rei n t o 

I— This method provide* limited row isolation, winch con be used 
^^norprodnctiouconuoi^*.^'-*- 

^^oendsandcurve* I n.^w WS ev^^^uod iffi cnU l o bB c n . 
User with sevoal external cuing peckers. 

' Finally, it is p~» «■> — " 4 ^ 31 

shown, for example, in US. Went 4,436,165. 

tt. problem ofletcml-ellborc (end p^ucubrty untltiUterel^nllborc) 

o^^^bca.^^n.nrnn,^^^^^ 
o^pic. U.S. Paeut 4..0T.704 discloses a system for completing,!. M 

. v r *a a deflective auide member. U.S. Patent 2,797,893 
wclibores using a dual packer and a detlecnve g» 

. . , %t . usinz a flexible liner and deflecting 
discloses a method for completing lateral wells using 



tool p tta « *** >— «— — — 

v f 3 3 30 349 discloses a mandrel for guiding 

subsequent to completion thereat Patent 3.330.3 

~ , , _i ^AU U S PateniNo. 5,318,122, Which is assigned to 
and completing multiple lateral wells. U.S. » 

^'wi-wv reference, discloses dcformable devices 

&e assignee hereof and mcorporated herein by reierencc, 

1 , • n^ ire between the primary and lateral wells using an 
that selectively seal the juncture between me pi 

Noa. 4^96.075; 4,415^05, 4,W" 

15 !994 «Mch is «sngnea to Ibe atsigw » 

, , ■»> 1994 aowUS-PiUeiitNo. 5,474,13' 
.ndUSSN 08/188,998 filed tanaiy 26, 1994, «wu 
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multilateral well system. 

Some of the most recent developments include the following: one method for 
cementing the junclioo between the mainborehole and tbe lateral borehole addresses 
the issue of creating a window in the main (or primary) hole, drilling a lateral wellbore 
and then sealing the juncture between the lateral and primary wcllbores to have the 
ability to re-enter eachTatera! wellbore as well as to maintain the option to perform any 
function that could be done ina single wellbore. For this reason, cemented lateral 
wellbore* are desirable so that normal isolation, stimulation or any other operation can 
be achieved 

In accordance with this prior art method, prior to running in a novel "hook" liner 
system described hereinafter, a standard whipstock is used to mill out a window in tbe 
side of the casing of the primary wellbore at the location where it is desired to drill a 
lateral wellbore. 

In accordance with this prior art method, prior to naming in a hook hanger 
system (fully described in US- Patent 5,477.925, and briefly described hereinafter) a 
standard whipstock is used to mill a window in the side of the casing of tire primary 
wellbore at the location where it is desired to drill a lateral wellbore. 

The hook liner hanger is run on top of tbe lateral liner. The liner is run into the 
main casing and then out through the aforementioned milted window. The hook liner 
20 hanger has a pn>«aehined window, a hook system, and a re-entry system. When the 

hook on the hanger locates on the main casing milled window, it orients the hanger, so 
that the pre-inachined window is aligned with the lower part of the mam casing below 



15 



the milled v^dow. The nmning system for the hook liner hanger, includes a mOhod of 
^atog the pe-macbined window tan the bore of.be book liner hanger. Ifdesired 
A. tiner can be cen*n*d in place, using standard cementing techniques commonly 
used in regular liner placemen*. The hook to tang* can be ru„ in various 
^W^^tosottAeDeetbofteweUborc. These eornbu-tions can include 

«h « cMhv pmtas, «nd coutiol sevens, pamaUy cemented 

liner, folly cemented liner, and lino banger packers. 

V^*.h,okh^is»bece»en«edmpl»ce,.^ i sa^ to ftelo*« 

CM of me bner batger running «* .ha! e*ends below the pre-machin«l window. The 

to,*, „b^^^pr-^ window. After the cement hasbeen 

pun^mp^mctubee^bepultedbackaboveti^^^ 
div^b^downdnoughibepre-u-cbined window tocleanouttheflowpamb^ 

to themamcasing below thetnilled window. 

bydmulieally seated tan the later* ta. the lower main casing and Ore upper main 
cstog. A ^ rtS e^onofc M ing^ends^d«periph.ryofm.pr^rt W im.ed 
window inmehooklincrbsnger. The end.f titissectionts cut obliquely so totwh« 
bcurg run it is possible to nm inside (he main wellborn c«ir* ye, when Undcd will roll 
^t^thehookunerhsnger. After are book liner hanger is n^posmonrfsnd 
„ y cementing has taken place, . tie back assembly is employed which will go through 
^-u^cbincd window infanook liner hanger and land in me pack* positioned 



run 
main 



bdow the window which was initially P-**-* »» *■ **■«•*• "» ,m:,,< " 
hod, m OM packer it will orient in the same manner * the whipstock did. The 
oration will al» align a so. system which will land in the star, accuon of casing 
cxtt^ng ton. I. hook liner hanger, the acnl sysfcm canbe of any of <be common 
Wcewchaa.paddnge.emen.. chevron ^ey^orantocrfe^ccsealsyaKm. 
' TheWIaerhahgeraye.eiindodeaaW-aadUrnnint.tt.cwerthore 

mi ^ .bough the afbrementioncd milled window. The W liner to* sysfcm U 
iM0 .he Were! wellborn until «h. "hook" hanger locates on the milled window in the 
primary wel.bore. toide the "book" liner hanger system* a oil pip. assembly 
with adorable opposing ewnbenp.. Tbetail pip. aseemblyeamcs liquid cement or 
Cher flu-d. as required to inflae eternal casing pxkera cr other devices a, required 
The endof to-hook" hanger tin* is then plugged to How IhehydanKe set hanger* 
se, by meanaof applied pressure An extendi casing packer beared near the end of the 
"hook" liner hanger system is then instated to *d tba laterf wellbore annular space 
j^belowthecemerti^vdveofthe-hools-linerhangersys^ Opporing'swab- 

cups" are used to direct fluid to inflate the external casing packer. 

. The ailpipe assembly steing is then withdrawn high enough to allow rise end of 

u» main wellbore through lb. premffled window of the "hook- liner hanger system to 
in reducing debris font falling into the main wellbore. mile .be system does 
creaie a good sealed junction it is a difficult process m d an easier and more speedy 
process is always desirable 



U.S. Patent number 5,318,122 discloses a number of embodiments employing 
differing forms and hardeoable filling materials. The methods include employing 1) 
an inflatable mold which utilizes a hardenable liquid like epoxy or cement; 2) 
expandable memory metal devices; 3) swaging devices for plastically defeating a 
sealing material; 4)liner seals for sealing between the liner and the primary bore; and 5) 
side pocket device* to .guide a liner into the lateral. 

AU of the prior art devices and methods while performing well for their 
intended functions are still in need of improvement A particular area of improvement 
desired is in the cement at the junction which in present art is employed as both the 
junction and the seal. This works marginally well and is subject to failure due to 
limitations in the cement material ilself or tbc ability to place the cement successfully at 
the junction- More particularly, under the conditions downhole, cement can fail by 
deteriorating to such an extent that the seal begins to leak thus contaminating the 
production. Therefore it is desirable to provide alternate junction creating and sealing 
arrangements which may be more reliable and improved performance under downhole 
conditions. 



The above discussed drawbacks and deficiencies of the prior art arc overcome 
or alleviated by the methods and apparan of the mvenriou. 

In a first set of embodiments of the invention a multilateral sealed- machined 
window is disclosed. The method involves machining the outline of a window in a 
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piccc of casing such that all thai remains in the outline is a very thin piece of the 
original watt. The fact thai casing remains helps to prevent debris from entering the 
inside area of the caring during running of the primary casing and n^hining operations 
downhole such as drilling, milling, etc. On the inside of the window a feature is 
provided to facilitate the removal and retrieval of (he window. The method provides a 
very clean window through which tools may pass and against which seals may rest. 
Similar embodiments include inachining a perforated pattern in the casing and sealing 
the holes with a dissolvable compound or even rnacbine tba entire window and cover 
the opening with an easily unliable or dissolvable compound. The system allows for 
both mamtauung pressure integrity of the completion while the tool is run in hole and 
provides a precise window shape making sealing thereagamst more easily attainable. 
The arrangement also benefits from the fact that the window piece removed is 
withdrawn uphole and therefore leaves minimal or no debris. 

In an alternate embodiment of the first set of embodiments, a window in the 
casing can be machined with a downhole milling machine comprising a template 
having a groove in which a pm glides to direct movement of a cutting tip to ensure mat 
the window is cut in a predetermined set of parameters such as size and shape. Use of 
the system avoids questions about the shape of the window and ensures a good sealing 
surface. The milling machine is driven by electric means, pneumatic means or by 
hydraulic means and is preferably held against the casing by bydrauUcally actuated 
pads. 

In asecond set of embodiments, a multilateral compression sealed junction is 



discussed. Arr elastomcric seal is bonded on the O.D. of a machined window or on 
the lino; the liner includes a wedge or a plurality of unidirectional collapsible fingers 
oriented such that cither the wedge or the fingers may pass through the window in the 
outward direction only. Drawing the liner back upholc seats the wedge or fingers 
against the elastomcric seal deforming the same radially inwardly to effect a pressure 
tight seaL The inward deflection of the elastomcric seal can be assisted, if desired, by 
the addition of a flange radially outwardly of the seal against which the seal will bear 
preventing radially outward movement of the seaL Thus, the only available direction 
for the compression expansion of the seal is radially inward. In order to maintain the 
produced pressure tight seal the liner may be anchored iu the main bore via a number of 
methods and apparati known per se (eg- packers, hangers, etc.) and the liner is then 
cemented in place. Alternatively, the liner may be supported by the string which placed 
it while it is being cemented in place. Subsequent to cementing, the liner segment 
remaining in the primary hole is drilled out to regain communication with the primary 
bore lower than the lateral. 

In another set of embodiments, a multilateral side pocket sealed junction is 
disclosed. A side pocket is supported on a casing in a hinged arrangement such that the 
aide pocket is maintaine d within the casing adj acent to a machined window for run 
in and is then displaceablc outwardly through the .machined window until an 
elastomcric seal is put in contact with the casing thus scaling tho junction. The 
formation is preferably underreamed prior to completion to provide room for the side 
pocket to swing into the deployed position. Once the side pocket is set a diverter of a 



known variety is employed to kick a string into tbe lateral through the window and 
junction. Benefits of the method include a round scaling $0 rface al the exit point of the 
»de pocket. This allows reliable and simple seal formation at the liner-side pocket 
intersection. 

An alternative of the side pocket embodiment bonds an clastomcric material to 
the side pocket to the window to create tbe seal while the tool is at the surfece. The 
side pocket is then pushed straight jnto the window to the inside of me casing, 
stretching the scat The tool is run in hole in this condition and may then be deployed 
by simply pushing the side pocket out by means of a running tool. An advantageous 
seal design for this arrangement allows the stretched seal to be trapped between the 
casing and the side pocket 

Another alternative is to mount the side pocket in too run in position and 
completely cover the window with elastomeric material bonding the material to the 
casing and to the side pocket at every part of the surface where tbe rubber touches the 
side pocket. To deploy this tool the side pocket is pushed through the cover and the 
lateral is extended through the rubber. Because the rubber is bonded everywhere on the 
side pocket, however, a good seal is maintained between the side pocket and the main 
casing.. Once the lateral is cemented, tbe elastomer and cement act b concert to 
maintain the seal ar the j unction. 

In still another junction sealing set of embodiments, a sock of braided or woven 
material bonded in rubber is attached to a machined window in a casing segment by, 
for example, an adhering compound, and in some cases by also wrapping die woven 



— prefenb * ba " ,ot 

liner is nin, pins arc snearcu <* 
segment. Preferably the ^either by iteelt or 
^ and sock through the 



pulls (ot pushes 
desired M an added feaMe - 

known methods and apparel 

a k« twe skilled in the an fjoiu the following 
will be appreciated and understood by those atoued 

detailed description and drawings. 
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Rcfamg now «, towing, whorin to elOTCDB m nuBbered ^ fe „„ 
several FIGURfiS: 

FIGURE 1 is a perspective view of a first alternative of the first set of 
embodiments of Ac invention; 

FIGURE lauacmss-secUou viowofFIGURE 1 iUustrating internal featu^; 
• FIGURE 2,is ajjetspective View of the second alternative of the fim xl of 
embodiments of the invention; 

FIGURE 3 is a pospective view of the third alternative of the flrsl set of 
embodiments of the invention; 

FIGURE 4 is a perspective view of a compression seal embodiment of die 
invention; 

FIGURE 5 is a pexspective view of an alternate compression seal embodiment 
of the invention; 

FIGURE 6 is an elevation view of a prior art HR liner naming tool engaged 
with a liner of the invention; 

FIGURE 7 is a cmss-section view of a side pocket xool of the invention in the 
nm in position; 

TIGUKB 8 « . view tfth, - u noUM lOiathc dtployrf poMatt; 

the invention in the run in position; 

FIGURE 10 i£ an elevation view of FIGURE o ia U« deployed 
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FIGTJRE 1 1 is a cross section view of a sock scaled junction device of the 
invention in the run in position; 

FIGURE 12 is an elevation view of a sock sealed junction device of the 
invention in the deployed position; 



FIGURE 43 is a schematic diagram of an embodiment of a milling device whh 
a cutting tool positioned in a weHbore for cutting a section from the weilboie casing; 

FIGURE 14 is apartial cross-sectional side view of the milling device having a 
cutting template installed; 

FIGURE 15 is a partial cross-sectional lop viw of the cageportion ofFIGURE 
2 showing the positioning of some of the components of the milling device with respect 
to die casing; 

FIGURE 26 is a schematic view of an oval groove; 
FIGURE 16A is an enlarged view of a portion of FIGURE 16 taken along 
circumscription 16A-16A; 

FIGURE 16B is an enlarged view of a portion of FIGURE 16 taken along 
circumscription 16B-J6B; 

FIGURE 1 7 illustrates a 8CCO nd preferred embodiment that utilize* an imaging 
device as part of ihe milling device. 
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With reference 1o FIGURE 1, .„, „f m ntetnvm appreciate ^ ,„. 
The c^ing of to invention ineiudea groove .2 cut ^ » the Mtlinc of , ^ 
ibr.poxpecove^bo^. F^eraMy. to deptt, of to groove rcUtiv, te to 
WcW ofcasios material Grange of .bout , %tojkoiK 1J% ^ ^ 

^aoftocasngnutcria.. rhero^eofgrooveo^Uprtferredinord,,. 
r^^ciort^of^^^^^.^^^^^ 

removal at the desired time. 

To fteititate remova] of .he window pane 14. arenwval fearuro !6 * 
^^oftoc^OattohedtopaaeU. ReWe lo noUM UwUI 
provide ooe^eoff^tor. ,« bu, ft .antics to. wayistoiavotfon 
toed ro to type of feature ,6 aftown. Father to feature 16may be of any shape or 
PWa. may ftcito,, locada , to window cover and k'a rcmov* ^ 
We lS nuy b. a groove or , plunlity of grooves used ,o fccate aod retrieve the ' 
*cdow. ft ahou>d aUo be undersW to, to toun, is „ ^ to ^ ^ 
^bodiro,™ of to invention. Fe-un, 16 nuy be omitted ^ to window eo«r 
^oved by outer me.ua. to preferred arrangement, ho.ever, to ^ ^ 
since remove of the wfcdow pane 14 uphob aodou. of to well beeoroe. „ e^ier 
proposition in that instance. 

Subset , 0 remo^ window a dean m , cllincd ^ fe ^ 
^ which conventions, took may be. and in congou ^ ^ ^ 
procedures may be carried out. 
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In an alternate embodiment of FIGURE 1, illustrated in FIGURE 2; the groove 
12 is substituted forty a perforated pattern. Preferably the perforations are filled with a 
sealing compound to prevent exchange of fluids from inside to outside of the casing 10. 

In another alternate embodiment, (FIGURE 3) the m machining of the window 
is completed so that on actual window is present in casing 1 0. The window opening 18 
is preferably sealed with an easily drillable or dissolvable compound such as nitrite or 
zinc/ Because of thcremovability of the window covering 20, damage is not done to 
the machined window and superior scaling thcreagainst may be accomplished. 

In another alternate embodiment of the invention which provides a 
dimensionally ensured window, the window is not machined above ground 
but rather is machined downhole by a templated milling machine. It will 
be understood that the machine may be employed where no machining has 
been done above ground or to finish the window where some machining has 
been done above ground. 

In a second set of embodiments of the invention (FIGURES 4*6) a compression 
seal is effected by employing either a wedge or a multiplicity of unidirectional fingers 
to compress a preferably rubber seal. 11 will be understood that the wedge embodiment 
may employ a rubber seal and may be employed without such seal. 

Referring to FIGURE 4, the wedge 22 is preferably made of an at least 
moderately dcJbrmable material. The wedge 22 must deform in one direction to allow 
it to pass through the window 24 in The casing 26. Once through the window, wedge 22 
may be drawn back against casing 26. Where wedge 22 is constructed of a suitable 
sealing material a separate seal is not necessary. Where wedge 22 is constructed from a 
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v seal (not shown) should be provided cither oa 

material not suited for sealing a ***** V° 

to create the seaL 

, , ♦window When the lioer is drawn back, the 

outwardlyoncethcybaveclcarcdthewindow. wn 

bon*. . -fa. » V— » b. - « te 

loosely hung around the liner. 

■a . n*nre 40 around the window 24 to eliminate 
desirable, but not necessary, xo provadc i flange aro 

♦ rt f ,«i 9» Flame 40 is illustrated in FIGURE 5 in 
radially outward movement of seal 28. Flinge 

Phantom. 



For both alternative embodiments the liner is held uphote by the HR tool 32 
until cementing is completed whereafter wedge 22 or fingers 34 will be maintained 
permanently in a position where a compressive seal is achieved against casing 26. 

In a third scl of embodiments, referring to FIGURES 7-10, side pockets are 
employed in various methods to effect a sealed junction. In the first alternate, 
illustrated in FIGURES 7 and 8, the side pocket 42 is hinged to casing 44 at hinge 46. 
Hinge 46 allows sids pocket 42 lo swing from the run in position of FIGURE 7 to the 
deployed position of FIGURE 8. 

To facilitate sealing of die arrangement, side pocket 42 includes flange 48 on 
what will be the only part of side pocket 42 to remain inside casing 44 when the device 
is in the deployed position. Flange 48 provides a bearing surface for clastomeric seal 
50 designed to mate with casing 44. It will be appreciated that seal 50 should be oval 
and concave to provide a good seal against the interior surface of casing 44. 

For nut in, preferably, side pocket 42 is held inside casing 44 with any 
conventional pinning or locking arrangement, in order to reduce the overall size of the 
tool during run in. The tool will be deployed in a previously underreamcd section of 
borehole. Underreaniing is important to the system because the tool in the deployed 
position is significantly larger in radial dimension than the drilled hole in typical wells. 
Deployment of the tool will preferably be by a known setting tool many of which are 
commercially available from Baker Oil Tools, Houston, Texas. The shear arrangement 
will be sheared by the impetus of the setting tool and side pocket 42 will swing into the 
deployed position. It is preferable to support the pocket 42 with a locking sleeve type 
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•movement bade tb. c*, „ ^ „« intcsrity of fc — fcy ^ ^ ^ 
junction scaL 

An .Iterative ride poeket sealed junction, still xequirfng unseaming of the 
target area, pushes tbe side pocket straight out through the window and does not 
employ « hinge anangement Most preferably, referring to FIGURES 9 and 10. the 
device is ereated by ^chining a window 50 i,. casing 52 andbondingan 
clastomcric seal 54 to both ca^g 52 and Sld e pocket 56. Hie side pocket will be in the 
d^oyed position du^ Then the side pocket 56 is pushed into 

the lumen of casing 52, stretching the elastomeric seal to the extent indicated in 
HGI^9by54ainorder to aI^ 

of the casing. Side pocket 56 is pteferably pinned or locked in place and is thus 
protected fox the run in of the looL 

5fi. In to mMimau ^ , M1 M „ aretthc4 fc mlchcd pm Ms wffl ^ 
i-.c «*. 52. d^W on ^ ^ creatjng . eon?OTssion ^ ^ ^ 
pocket flange 58 and caang 52. 

* »W 50 »d » .he flmge 58 of , de ^ 56.^^^ fetj ^ 
etao^c.ea which m^bed^kfe,^^^^^^ 
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In a foorth set of embodiments (sec FGURES 1 1 and 12) a sock seeled junction 
is disclosed. 

A socle sealed junction provides woven or braided cables bonded in a seal 
material, preferably of clastomeric construction. The preferred bondine elastomer is 
nitrile and the preferred composition of tbc cables is steel, carbon fiber , Kevlar ( RTM) , 
-general Ibe material for the cables is selected for its tensile strength, heat resistance, 
abrasion resistance and chemical deterioration resistance. Particular resistances 
preferred include acids solvents and oils. Particular attributes for the preferred 
materials are elasticity and bonding strength. The cables 60 wind around one another in 
a pattern similar to a Chinese finger lock. Al the proximal end of sock 62, cables 60 
may be joined to casing 64. Thejoinixigxnaybe carried out in a number of ways but 
preferably are welded to casing 64. The seal material must be bonded to casing 64 to 
create the necessary seal 

Cables 60 are bonded within elastomer 66 which provides the desired seal. In 
the most preferred embodiment, the sock 68 includes a metal (or other suitable 
material) ring 70 for creating a seal against the liner (not shown) that passes 
therethrough. A seal may be attached to the ring or a seal bore may be provided in the 
ring to receive a seal from the liner. The seal bore can be a polished bore to use 
conventional sealing techniques such as those illustrated as 71 in FIGURE 12 A. 

Construction of the sock scaled junction is carried out in the deployed position. 
Once the sock is attached and sealed to the casing 64, the entire sock is inverted 
(FIGLTUS 1 1) into the inside of caring 64. Ring 70 f in addition to its sealing function, 
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is employed as an anchor point for temporary attachment of the sock inside the casing. 
In FIGURE 1 1 pins 72 are illustrated. Once sock 68 has been inverted and pinned, a 
protector sleeve 74 is inserted from the uphole end of the device through the sock and 
through Ihe window 76. Sleeve 74 protects the sock and the ring from being damaged 
by the drill string while it is passing through the window 76. Protector sleeve 74 can 
also utilize a flexible rubber outer diameter to make contact with the casing interior and 
prevent drilling debris bom damaging the sock. A uiverter/whipstock is placed below 
(downhole of) window 76 to assist in directing the drill string through the window lo 
drill the lateral. 

The lateral section in close proximity to the window is underreamcd to provide 
space for the sock to be deployed. The sock device is run in hole in the inverted 
position and held there by an attachment means UDtil the lateral borehole is fully drilled. 
Attachment means can be anything capable of supporting the sock in the inverted 
position and subsequently be induced to release the sock for deployment. Then 
protector sleeve 74 is drawn out of the hole and a liner (not shown) i« run on a 
conventional liner running tool. As the liner pushes through the ring it carries the sock 
to the right-side-out position. Moreover, as the liner continues to move downhole the 
sock 68 is extended and because of the woven construction thereof, constricts around 
the liner to create a good seal for the junction. 

The arcs between the sock ID. and liner O.I3. may also be filled with cement, 
epoxy or some other material to enhance the sealing/joining characteristics of the 
junction. 
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As ilhiatratcd in FTGURES 14-15. a cage 150 attached to the lower part of the 
housing 1 32 contains a control unit 152 for controlling the vertical and radiaJ position 
of the cage 150, a template 154 and the cutting tool 116. The culling tool 116 maybe 
continuously positioned and oriented at the desired location near the casing 1 18 by 
controlcircuitry 122 contained in the downhole milling device 1 14 and/or at the surface 
124 (FTGURE 13). 

The control unit 152 uses a template ann 156 to urge the template 1 54 and the 
cutting tool 116 against the casing 118 and to maintain the required pressure to keep the 
cutting tool 1 16 in place. A groove 158 in the template 154 emulates the geometry of 
the cutting profile desired to be cut into the casing 1 18. A template guide pin 160, 
located at one end of the cutting tool 1 16 and seated in the groove 158, is attached to a 
cutting xool 162 which holds a cutting element 1 64. The cutting tool body 162 is 
connected to the control unit 152 via a control line 166 and contains amotor 168, gears 
1 70 and a tool holder 1 72. 

• There arc many different devices, well-known in tbe industry, that can be used 
as the cutting clement 164, such as a milling cutter or drill (for mechanical cutting 
FIGURES 14-15) for mechanical cutting or a nozzle (not shown) for the concentrated 
discharge of a high-pressure fluid therefrom in the form of a jet stream having a 
relatively small cross sectional area. The drill and the nozzle are examples and arc not 
intended to limit the scope of the invention. Any anting apparatus adaptable for use in 
the industry may be used with this invention. 

For the majority of downhole cutting or milling applications, water discharged 



at a pressure greater than 110.000 psi (7734.1 kg/cm 2 ) may be adequate to remove 
materials from within the wellbore 1 12. In cutting casing 118 casings may be more than one- 
half inch (1.27 cm) thick, higher pressure may be required. The nozzle may be made strong 
enough to withstand discharge pressures of greater than 200.000 psi (14062 kg/cm 2 ). 

• • •« • 

. An orientation section 144 «m be placed above the power section 120 for 
orient** the cage 150 and the cutting tool 118 at the desired position suchthat the 
template 1 54 is properly aligned -with the casing 118- Cage 150 containing the cutting 
tool 116 and the template 154, is rotated about the axis of Ibe wellbore 12 to radially 
position the cutting tool 1 16 and the template 154. Cage 150 is then moved axinily to 
position cutting tool 1 1 6 and template 154 along the axis of the wellbore 1 12- 
Downhole hydraulically operated devices or electric motors (not shown) have been 
utilized for performing such functions and ore well known in the industry. Any such 
suitable device may be utilized for the purpose of this invention. 

• In the configuration shown in HUURF. 13, the cutting tool 1 1 6 can cut 
materials along the interior of the wellbore IP, which may include the casing 118 or 
an area around a junction between the wellbore 112 and a branch wellbore, (not 
shown). 

A surface control unit 146. as shown in FIGURE 13, placed at a suitable 
location on the platform 126 preferably controls the operation of the system 1 10. The 
surface control unit 146 can include a computer, associated memory, a recorder for 
recording data and a display or monitor 147. Suitable alarms 148 arc coupled to the 
surface control unit 146 and are selectively activated by the surface control unit 146 
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whcn cenain predetermmed operating conditions occur. The operation of con.ro. units. 
su ch » to surf*, caw* -ft 146. U well known and is. thus, on. described in Ml 
herein. 
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to the surface by circulating a fluid (not shown) through the wcllborc 112. as is 
commonly done for such purpose. 

During operations, the downhole control unit 152 can communicate with the 
surface control unit 1 46 via two-way telemetry 1 74 or any other communication 
technique. The downhole controls for the telemetry 174 are preferably contained in a 
downhole telemetry section 140. 

FIGURE 1 7 shows the downhole tool of FIGURE 13 with an imaging device 
180 attached above the cage 150. Tools for imaging portions of a weHbore interior 
exist in the field and, therefore, will not be described in detail. The imaging device can 
be utilized to confirm the shape of the section of the casing or the junction after the 
cutting operation has been performed. The imaging device may also be utilized to first 
image the area to be cut to generate the desired cutting profile and then to confirm the 
cut profile after the cutting operation. 

While preferred embodiments have been shown and described, various 
modifications and substitutions may he made thereto without departing from (he 

scope of the invention. Accordingly, it is to be understood Ihat the present 
invention has been described by way of illustration and not limitation. 
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CLAIMS: 



1. A sock sealed junction comprising: 
5 a primary borehole; 

at least one casing segment disposed in said 
primary borehole in a predetermined position therein, 
said segment having a premachined window; 

a sock sealed to said casing segment at a 
10 perimeter of said window, said sock being engagable 
with a liner extended therethrough. 

2. A sock sealed junction as claimed in Claim 1 
wherein said sock comprises a plurality of interwoven 

15 cables and an elastomeric sealing material, 

3. A sock sealed junction as claimed in Claim 2 
wherein said cables are attached to said casing, 

20 4 . A sock sealed junction as claimed in Claim 2 

wherein said elastomeric sealing material is bonded to 
said casing. 

5. A sock sealed junction as claimed in Claim 1 

25 wherein said sock includes a seal ring disposed at a 
distal end of said sock. 

6. A sock sealed junction as claimed in Claim 1 
wherein said ring is releasably lockable in said 

30 casing. 

7. A sock sealed junction as claimed in Claim 1 
wherein said junction further includes a protector 
sleeve disposed within said sock. 
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8- A sock sealed junction substantially as 
hereinbefore described vHth reference to and as shown 
in Figures 1 to 5 and 7 to 17 of the accompanying 
drawings. 
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